With the increasing competition for limited metal ore resources, the impact of capital formation on nations' metal footprints have been studied broadly. However, the driving forces and pathways of metal footprint change still haven't been fully understood. Therefore, in the present study, the additive structural decomposition analysis is adopted to decompose the world metal footprint from 1995 to 2013 into five major driving factors. The obtained results indicate that: i) the modern production structure has been becoming increasingly dependent upon metal resources; ii)the production structure effect and consumption volume effect are dominant factors driving the metal footprint increase, yet the intensity effect is the main force offsetting this inclining trend; iii) all the driving factors in developing countries tend to be more divergent comparing with developed countries consistent with their economic growth characteristics. The findings of this study are significant for policy makers to understand the deep causes for domestic metal footprint change and propose proper relevant polices.
Introduction
Metals play a crucial role in the process of modern economic development since they are indispensable materials for various end-uses, from infrastructure construction to high-tech manufacturing [1] . However, the metal ore consumption in recent years is following an unsustainable trend considering metal resource scarcity and insufficient efforts to improve metal resource recycling. According to the world mining data 2018 [2] , the world mine production increased from 9.7 Gt to 16.9 Gt from 1985 to 2016. However, this growth may have been slowing down in recent years due to a decline in metal ore consumption in most areas around the world [3] . At the same time, different trends were also revealed between developed and developing countries which adds complexity to the consideration of metal resource utilization and availability. Furthermore, the development and utilization of metal resources usually leads to a heavy environmental burden during the extraction and smelting stages [3] , which raises the societal cost of metal resource utilization and also adds to concerns about future metal resource management.
In recent years, some emerging studies have investigated the coupling between metal footprint (the amount of metal ore extracted to satisfy the final demand of certain economy, including metal ores used abroad to produce goods imported, and excluding metals used domestically to produce exports) and economic development [4, 5] . Weinzettel [6] explored the pathway of iron ore consumption change included in raw material flows in Czech Republic through structural decomposition analysis. Zhang [7] identified the metal usage efficiency and sensitivity of the technical and final demand coefficients in key sectors with highest metal use intensity in China from 2002 to 2012 through input -output analysis and proposed subsequent policies. However, very limited studies focus on the metal footprint change pattern and the nexus between metal and other economic variables, and of those that have, most were conducted on a regional basis. The present study aims to explore the pattern of metal footprint changes and conduct analysis on a broader scale comparing to existing studies.
The present study aims to explore the temporal and spatial pattern of global metal footprint change from 1995 to 2013 and identify the driving factors of the observed changes. W e quantify the annual metal ore footprint from 1995 to 2013 based on the data from the Exiobase database, then apply SDA for each year to decompose the metal footprint change into five major effects, namely: intensity, production structure, sector mix, consumption patterns and consumption volume. The obtained results were analyzed from different aspects to give more significant interpretations, and several targeting policies are also proposed to improve metal resource management. The remaining parts are organized as follows: Section 2 gives an introduction to the structural decomposition analysis approach and describes the data sources used. Section 3 illustrates and discusses the results of decomposition from different aspects followed by Section 4 in which the conclusions obtained based on decomposition results are presented finally.
Methodology

Inputoutput analysis
The input-output analysis method was developed by Leontief in the 1930s to depict the interrelationship among different economic sectors, and it can also be used to quantify the impacts of given economic activities [8] . Assuming that the economy has n sectors, the n dimension vector y represents the total output of the whole economy, while the n * n matrix Z is the intermediate output of the whole economy whose element zij represents the intermediate output from sector i to satisfy sector j's demand, the n dimension vector f represents the final demand of the whole economy. This relationship can be represented in the following matrix form:
Here, A is the n dimension identity matrix. A is the n * n indirect input matrix used to depict the relationships among the different sectors. L = (I-A) -1 is called the Leontief inverse matrix representing the economic input structure, and the element of the Leontief inverse matrix lij denotes the total requirement for both direct and indirect inputs from sector i to sector j.
Based on the basic form in Eq.(1), the Input-Output (IO) model can be extended to an Environmentally-Extended Input-Output table (EIOT) that focuses on the flows of energy and environmental emissions or consumption embodied in economic activities. The metal footprint can be calculated by using the same method as:
The intensity matrix S is the n * 1 vector representing the domestic extraction of metal ore per unit economic development from each sectors. Using the above approach, the metal footprint vector m of certain economy during studying period can be quantified as the economic output multiplied by the metal ore extraction intensity of the economy.
Structural decomposition analysis
The metal footprint change pattern between two periods (denoted by t0 and t1) can be identified using additive structural decomposition analysis by decomposing aggregate change into different factors. In the present study, the Dietzenbacher & Los(D&L) method [9] that achieves ideal decomposition result by taking average of all n! equivalent exact decomposition forms was adopted, and the computational complexity controversy can be ignored because only five factors and 120 decomposition forms are considered in the present study. The detailed approach description will be given as follows.
Based on the matrix formula (2), Additional decomposition of final demand matrix was carried out in this research, change in MF from consumption volume effect can be decomposed into three parts as shown in the follow:
Where f is the n * 1 final-demand level vector representing the total amount of all expenditures for different sectors' final demand; and d is the sector mix matrix depicting the distribution of total expenditure across final-demand categories; and the bridge matrix b reflects the product mix within each particular finaldemand category.
There are 5! = 120 possible first-order decomposition forms can be obtained based on different settings. Following the approach proposed by Dietzenbacher, we obtain the ideal decomposition result by taking average of all 120 forms. The sample decomposition form is shown in formula (4).
Result and discussion
The results of structural decomposition are discussed in this section. The metal footprint from 1995 to 2013 was decomposed by year, and the five effects were decomposed from aggregate change, including metal intensity, production structure, sector mix, consumption patterns and consumption volume. Furthermore, the countries were grouped into developed country group and developing country group based on IMF World Economic Outlook classifications.
Decomposition result of overall trend
Annual global metal consumption increased from 4.3 Gt to 8.6 Gt during the studying period. As shown in Fig  1, the main contributors to the metal footprint growth are production structure effect and consumption volume effect with 8.9 Gt and 8.0 Gt growth respectively. Furthermore, the two factors displayed similar temporal characteristics. Contribution of both consumption volume effect and production structure effect grew steadily, and the only difference is that production structure effect's contribution showed reverse trend from 2008 to 2009. On the other hand, the intensity effect is the largest factor that offset the overall trend, and its accumulative contribution during the whole studying period is 14.4 Gt. The significant fluctuation of intensity effect's contribution can be observed from 2008-2009 probably owing to the result of global financial crisis. Compared with factors discussed above, the sector mix effect and consumption patterns effect are relatively small, and thus they were not discussed here. 
Difference between developed country and developing country
The clear distinctions can be found when further dividing countries into developed country group and developing country group. The average annual contribution of factors in two groups during studying period is recorded as shown in Fig 2. At the same time, the cumulative contributions of decomposition factors to metal footprint change from 1995 to 2013 in developed and developing economics group is illustrated in Fig 3. The metal footprints change in two groups displayed distinct patterns, and the metal footprints of developed countries group increased by 15%, from 2 GT in 1995 to 2.3 GT in 2013. On the other hand, the metal footprints in the developing and emerging countries group achieved more than threefold increase, from 1.3 GT in 1995 to 4.5 Gt. The reasons are that the countries in different groups are at different economy development stage as well as industrialization level, the higher metal demand is required for developing countries to support the infrastructure construction and production manufacturing.
Figure 2
Accumulative contributions of decomposition factors to changes in metal footprint from 1995 to 2013 in developed and developing economics group.
The average annual contributions of decomposition factors to metal footprint changes from 1995 to 2013 in developed and developing country group.
As for contributing factors, leading contribution effect to the metal footprint growth is still the production structure and consumption volume, and the metal intensity is the dominant factor that offset part of the increase. However, we can find that metal footprint change pattern in the developed countries group tend to be more divergent in the studying period. The absolute contribution value of each factor in the developing countries group is more than two times of corresponding factor in the developed countries group because of the backwardness advantage of the developing and emerging economies. It can be further observed in Fig 3  that intergroup difference becomes more significant in the second half of studying period from 2008-2013, especially for the cumulative contribution of metal intensity effect and production structure effect. The metal footprint change patterns in the first half period are basically same for both developed country group and developing country group. However, the cumulative contribution of intensity and production structure met turning point in 2008, and the cumulative contribution then fluctuates in the following years in the two groups separately, probably caused by the 2008's global financial crisis.
Result and discussion
This study investigated the pattern as well as driving forces behind the global metal footprint change using structural decomposition analysis framework. Based on the EXIOBASE MRIO database, the global metal footprint's change during 1995 to 2013 was decomposed by year, and the effects were then decomposed from the perspectives of intensity, production structure, sector mix, consumption patterns and consumption volume. The conclusions were grouped into different aspects and the policy implications were provided finally.
The first aspect reveals the overall trend of metal footprint change around the world, metal footprint in the studying period displayed stable growth trend which is a balance among different decomposition effects' power. The dominant driving force are consumption volume effect and production structure effect, with 8.0 Gt of growth and 8.9 Gt growth respectively. The largest power for reversing the trend is the intensity effect, which is decided by the metal ore technology efficiency and economy structure.
The second aspect classifies all the group into developed country and developing country group based on the IMF World Economic Outlook classifications. The factors in the developing and emerging countries tend to be more divergent. The metal footprint grew sharply by almost 3 times in the developing country group, on the other hand, this number only increased by 15% percent in the developed country group. The main effects leading to the inter-group difference are the consumption volume, production structure and metal intensity, and the difference become significant during the second half of studying period from 2008 to 2013.
The present study investigates the metal footprint change pathway from 1995 to 2013, and different effects were then decomposed from the aggregate change to propose corresponding policy implication. The present study sheds light on the patterns of metal footprint change, and it is significant for policy makers to understand the deep causes for domestic metal demand change.
